A new method has been developed for measuring the impedance of a two-gap cavity used in high-power klystrons.
ered as a microwave network.
The two gaps of the cavity and its Eoutput terminal are referred to as three ports. We then can use an impedance matrix to characterize this system, and the six independent impedance parameters can be found by measuring the --input impedance seen from the output waveguide when the gaps are (1)
If we terminate any two terminals, say a,b, with impedances Za,Zb, then they determine a fixed Zc impedance looking into the third terminal.
So that in general one can write:
where one of these impedances would be an input impedance at its terminal, and the other two, output impedances, with appropriate attention to our 7-w sign convention. 
z3' the input impedance seen from the output waveguide, is easy to _ :-measure; and will change when Z 1 or Z 2 is changed. Note that there are six independent parameters. It is necessary to do six different experiments to define them. We can do it this way: let gap 1 or gap 2 be opened, shorted, or connected to some convenient value of impedance, for which the best choice is to perturb the gap by putting a small object into it, which introduces an extra capacitance ACp shunting the gap. Then Zl or Z2 will be infinite, zero, or Z = -l/jwAC P P , respectively. Substituting those values into (4), the input impedance Z3, which is the only impedance we can measure directly, will be as follows: The subscripts o,s,p of Z3 denote, respectively, the condition that the gap 1 or gap 2 is opened, shorted, or perturbed.
From the set of equations, the parameters Z.. can be solved and =J expressed by Z3ab (a,b = o,s,p).
GAP IMPEDANCE
What we are concerned with is: "When a bunched beam passes through the gap, how much voltage can it induce?" This problem is just the opposite of that discussed above. Namely, we want to find the input impedance seen from port 1 and 2 when port 3 is terminated. It can also be solved by the basic equation (1). Expanding (1) and using (2) we obtain: -1 v1 = %lX1 + 512I2 (6) v2 = S2111 + 522I2 where 2 z13 511 = zll + z3 -z33
Z3 here is the loaded impedance at port 3. Since the impedance matrix "parameters have been found as mentioned before, they are readily calculated.
Up to now, there is no restriction on the loading of the output --waveguide, nor on the network under test.
Generally, the load is matched; its normalized form is:
The minus sign is due to the definition of the current, which orients toward the network rather than the load'as shown in Fig. 1 . Note that the reference plane on port 3 is still optional. For simplicity, we choose the reference plane as the position of the standing wave minimum when there is no perturbation. We regard this plane as the origin.
Providing the system is lossless, the impedance at the minimum is zero.
7-e --Thus:
while the other impedances in (5) can be expressed by:
where 8 is the phase shift with the origin, when the gaps are opened, shorted, or perturbed. By some algebra, the gap impedances can be expressed as below (14) where Av is the volume of the bead, and k is a constant related to the shape of the perturbing object, which is 3 for a sphere. Besides, WE can be written in another form: -. (15) f(z) is the field distribution function, z is the longitudinal position along the axis of the gap. Substituting (14) and (15) into (13), we then obtain:
---.-When the bead is placed at the electric field maximum, where = E Em, f(z) = 1, perturbation reaches maximum too. Thus:
Since the value of ACb depends on the exact location of the bead, it is not convenient to control its location when frequency response is wanted, so a stable perturbation arrangement is preferable. A metal pin is then selected. Suppose AC P and ACb are capacitances introduced ,by metal pin and bead, respectively, the corresponding phase shifts of standing wave minimum are 8 pin and 9 be, then from (11) we can calculate
AcP by:
tote be -cotesl AC P = *'b cot0 pin -cotesl (18) Furthermore, the electric field distribution can be tested by moving the bead along the axis and measuring the phase shift in a fixed frequency, and using the following approximate formula:
where Em and 8 bem are the electric field maximum and corresponding phase shift.
-ll-EXPERIMENT RESULTS
7-w
An experimental double-gap cavity model was tested. This model is formed essentially by the last two cavities of a standard SLAC XK-5 klystron with a coupling slot between them as shown in Fig. 3 . It also shows the shape of the pins and the shorting rods which we used. Inserting the latter can be reasonably regarded as an approximate short.
The shorting rods are drilled hollow in order to minimize the influence of a shorting rod to the other gap. The resonance frequencies of the original two cavities are different. They are about 2856MHz and 31OOMHz, respectively. The loaded Q of the original output cavity is only about ,18, so its R/Q and its field distribution cannot be measured directly by the conventional method without narrowing the coupling iris. Figure   4 shows the measured field shape by means of the present method and -rmaking use of (19). The frequency was fixed precisely, and only the standing wave minimum was measured.
In order to estimate the error, two beads with diameters of l/4 and l/8 inches were used. The results shown in Fig. 4 
